Mapping of binding sites for heparin, plasminogen activator inhibitor-1, and plasminogen to vitronectin's heparin-binding region reveals a novel vitronectin-dependent feedback mechanism for the control of plasmin formation.
Vitronectin (VN) has been implicated as a major matrix-associated regulator component of plasminogen activation by serving as a potent stabilizing cofactor of plasminogen activator inhibitor-1 (PAI-1). The direct binding of heparin, plasminogen as well as PAI-1 in its latent and active form to immobilized VN was studied in the absence or presence of competitors. Monoclonal antibodies against the carboxyl-terminal portion of VN inhibited both PAI-1 and plasminogen binding, whereas heparin, heparan sulfate with a high degree of sulfation, or dextran sulfate interfered with PAI-1 binding (KD = 20 nM) only. Utilizing synthetic peptides encompassing overlapping sequences of the heparin-binding domain of VN, adjacent heparin and PAI-1-binding sites were localized within the sequence 348-370 of VN. Although a number of other serine protease inhibitors which do not form binary complexes with VN contain a reactive-site Ser at their P1'-position, a reactive-site P1' mutant of PAI-1 (Met----Ser) showed comparable if not increased binding to VN. Binding of Lys-plasminogen and active-site-blocked plasmin was at least 10-fold higher in affinity (KD = 85-100 nM) compared to Glu-plasminogen (KD approximately 1 microM) and could be inhibited by lysine analogs but not by glycosaminoglycans or PAI-1, indicating that heteropolar plasmin(ogen) binding of VN occurs to an adjacent segment upstream to the heparin and PAI-1-binding sites. This contention was further supported in binding studies with plasmin-modified VN which lost both heparin and PAI-1 binding but exhibited 2-3-fold higher capacity to bind plasminogen. The essential plasmin(ogen)-binding site was mapped by ligand blot analysis to the carboxyl-terminal portion of proteolytically trimmed VN (M(r) = 61,000). Moreover, treatment of the extracellular matrix of human umbilical vein endothelial cells with plasmin resulted in partial degradation of matrix-associated VN and concomitant release of PAI-1, but increased the ability of the matrix by about 2-fold to bind plasminogen. These results are indicative of differential interactions of VN with components of the plasminogen activation system, whereby plasmin itself may provoke the switch of VN from an anti-fibrinolytic into a pro-fibrinolytic cofactor. This process reflects a novel role for the adhesive protein and its degradation product(s) in the possible feedback regulation of localized plasmin formation at extracellular sites.